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ABSTRACT 

This is the first in a series of papers studying the variable stars in Large Magellanic Cloud globular 
clusters. The primary goal of this series is to better understand how the RR Lyrae stars in Oosterhoff- 
intermediate systems compare to those in OosterhofF I/II systems. In this paper we present the results 
of our new time-series BV photometric study of NGC 1466. A total of 62 variables were identified in 
the cluster, of which 16 are new discoveries. The variables include 30 RRab stars, 11 RRc's, 8 RRd's, 
1 candidate RR Lyrae, 2 long-period variables, 1 potential anomalous Cepheid, and 9 variables of 
undetermined classification. We present photometric parameters for these variables. 

For the RR Lyrae stars physical properties derived from Fourier analysis of their light curves are 
presented. The RR Lyrae stars were used to determine a reddening-corrected distance modulus of 
(m — M)o — 18.43 ± 0.15. We discuss several different indicators of Oosterhoff type and find NGC 
1466 to be an Oosterhoff-intermediate object. 

Subject headings: galaxies: Magellanic Clouds - stars: horizontal-branch - stars: variables: general - 
stars: variables: RR Lyrae 



1. INTRODUCTION 

Studies of RR Lyrae stars in the Milky Way globular 
clusters reveal what is traditionally known as the Oost- 
erhoff dichotomy; the tendency for these clusters to be 
either Oosterhoff I (Oo-I) or Oosterhoff II (Oo-II) objects 
with a relatively clear zone of avoidance between these 
two groups. The left panel of Figure 5 in Catelan (2009) 
strikingly illustrates the Oosterhoff dichotomy in a plot 
of the average period of the RR Lyrae stars of Bailey 
type ab (RRab) versus cluster metallicity for Milky Way 
globular clusters. When one looks at the nearby dwarf 
galaxies and their globular clusters, one does not see an 
Oosterhoff dichotomy as these objects fall not only into 
the Oo-I/II groups but also into the gap between those 
two groups. In fact the distribution of these extr agalactic 
objec ts seems to peak in the zone of avoidance (jCatelanl 
[20091) . 

The existence of Oosterhoff-intermediate objects (Oo- 
int), objects that fall into the zone of avoidance, in the 
nearby dwarf galaxies poses a significant challenge to the 
hierarchical merger model for the formation of the Milky 
Way halo. The lack of Oo-int clusters in the halo means 
that the objects that were accreted to form the halo 
could not have had properties entirely like the present- 
day nearby dwarf galaxies. 

This is the first of a series of papers focusing on vari- 
able stars in globular clusters in the Large Magellanic 
Cloud (LMC). The goal of this series is to better under- 
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stand how the RR Lyrae stars in Oo-int systems com- 
pare to those in Oo-I/II systems. The LMC is an ideal 
place for this study because of the large numb e r of Oo- 
int c lusters that it contains (jBono et al.l 119941 : iCatelanI 
|2009() ; of the twelve LMC globular clusters that contain 
at least 5 RRab variables, five of these clusters are Oo- 
int (NGC 1466, NGC 1853, NGC 2019, NGC 2210, and 
NGC 2257). In this paper we identify, classify, and dis- 
cuss the variable stars found in the LMC globular cluster 
NGC 1466. Subsequent papers will focus on the variable 
stars in other LMC globular clusters. 

NGC 1466 is an old globular cluster that is located rel- 
atively far from the center of the LMC. It has a metal 
abundance of [Fe/H] k, —1.60, see discussion in sec- 
tion 14.11 and is not very reddened, E(B-V) = 0.09 ± 
0.02 {Walker 1992). Johnson et al. (199^) used color- 
magnitude diagrams obtained with the Hubble Space 
Telescope to determine that the age of NGC 1466 is 
within 1 Gyr of the ages of the Milky Way globular clus- 
ters M3 (NGC 5272) and M92 (NGC 6341). 

NGC 1466 features a well-populated horizontal branch 
that extends through the instability strip (see Figure 5 in 
Walker 1992); thus it is expected to contain a significant 
number of RR Lyrae st ars. RR Lyrae stars w e re firs t 
found in NGC 1466 by iThackerav fc Wesselin k" (^195%^ 
and a dditional RR Lyrae were discovered by :Wesseliir3 
()1971t ). The most recent study of variables in NGC 1466 
was conducted byfWalker (1992), who found 42 RR Lyrae 
stars; 25 RRab and 17 RRc stars. Due to the density of 
unresolved stars in the cluster core. Walker did not per- 
form photometry of stars within a radius of 13 arcsec 
from the cluster center, suggesting that there are proba- 
bly additional RR Lyrae stars that could not be detected 
in his study. The core radius of NGC 1466 is 10. 7 ± 0.4 
arcsec, as measured bv iMackev fc Gilmord (|2003[ ) using 
images from the Hubble Space Telescope, which is en- 
tirely within the region of the cluster where Walker was 
unable to perform photometry. Advances in instrument 
resolution and image-subtraction techniques now make it 



easier for us to search for variable stars in more crowded 
regions. 

In this paper we present the resuhs of a new search 
for variable stars in NGC 1466 and use the RR Lyrae in 
NGC 1466 to confirm the distance modulus and Ooster- 
hoff classification of the cluster. We also present Fourier 
fits to the light curves and derive physical properties for 
the stars from these fits. 

2. OBSERVATIONS AND DATA REDUCTION 

A total of 40 V and 37 B images of NGC 1466 were ob- 
tained using the SOI imager on the SOAR 4-m telescope 
in February and December of 2008. An additional 45 

V and 43 B images were obtained using ANDICAM on 
the SMARTS 1.3-m telescope operated by the SMARTS 
consortiurrO] from September 2006 to January 2007. This 
represents a larger data set than the 35 BV pairs obtained 
by Walker (1992). Exposure times for the SOAR obser- 
vations were between 30s and 300s for V and between 60s 
and 300s for B, but were usually 120s and 180s for the 

V and B observations, respectively. SMARTS exposures 
were 450s for each filter. 

The images from both telescopes were bias subtracted 
and fiat-field corrected using IRAF0. As noted in Walkerl 
(fl992) . NGC 1466 is located near two very bright stars 
which create problems with scattered light across some 
of the images, especially in many of the images obtained 
with the SMARTS t elescope. We used the pr ocedure de- 
scribed in detail by iStetson fc Harris! (|1988f) to remove 
this scattered light; this was the same method employed 
by [Walker (1992). Pet er Stetson's Daophot II/Allstar 
packages (Stetson.. 1987. I1992L Il994| ) were used to locate, 
measure, and subtract stars from all images; this pro- 
duced images that only contained the sky background 
and scattered light. The subtracted images were then 
smoothed using a 40x40 pixel median filter. The aver- 
age sky level in the smoothed images was determined 
and then the smoothed images were subtracted from the 
original images, removing the background light. The av- 
erage sky values were then added back into the new im- 
ages, creating a final set of images with a constant sky 
background. 

Stetson's Daophot II/Allstar packages were run on the 
new set of images in to order obtain instrumental mag- 
nitudes for each star. Observations of the Landolt stan- 
dard fields PG0231, RU149, SA95, and SA98 f|Landolti 
11992 ) were used to determine an initial transformation 
from instrumental m agnitudes to the standard system. 
iJohnson et al.l (119991" ) showed Walker's photometry to be 
in good agreement with HST/WFPC2 observations of 
NGC 1466, after these observations were transformed 
from the on-board HST system to the standard Johnson- 
Cousins system. We compared the results of our initial 
transformation to the standard system using Walker's 
photometry of isolated non-variable stars across a range 
of brightnesses within the cluster. We made small cor- 
rections to the zero points and color terms from our 
initial transformation equations in order to achieve bet- 
ter agreement with Walker's photometry. This produced 

7 www.astro.yale.edu/smarts 

* IRAF is distributed by the National Optical Astronomical Ob- 
servatory, which is operated by the Association of Universities for 
Research in Astronomy, Inc., under cooperative agreement with 
the National Science Foundation. 



an average difference between our data and Walker's of 
AT/ = 0.012 ± 0.01 and AB = 0.026 ± 0.02. This is a 
similar level of scatter to that obtained bv IJohnson et al.l 
(1999!) in their comparison with Walker. 

The profile fitting photometry used in Daophot 
II/Allstar does not work well in very crowded regions, 
such as the center of NGC 1466. In order to locate vari- 
able stars in this region, the SOAR data on the cluster 
center was also s earched usin g the ISISv2.2 image sub- 
traction program (|Alardll2000( ) . The original images were 
used for the ISIS processing as the scattered light is less 
of a problem when using image subtraction techniques. 
The light curves produced by ISIS are in relative fiuxes. 
There is a method to transform the relative fluxes ob- 
tained by ISIS into magnitudes in the standard system 
by using Daophot to obtain magn itudes of the stars in th e 
reference frame created by ISIS (Mochei ska et al.l l2001\ 
Four of our variable stars were found only by ISIS (V31, 
V51, V54, V60). These stars are located deep in the 
cluster center and are too crowded to obtain accurate 
profile fitting photometry, even in the reference image. 
These four light curves are shown in relative fluxes; for 
the other variables we present their light curves obtained 
from Daophot II/Allstar. 

Figure [T] shows our CMD for NGC 1466. The cluster 
features a well-defined horizontal branch (HB) that ex- 
tends across the instability strip. The majority of the HB 
stars are blue, with few HB stars located redward of the 
instability strip. As was noted by! Walker (1992), the RR 
Lyrae stars appear to be less luminous than the blue HB 
stars near the blue edge of the instability strip. As can 
be seen in the figure, there are some non- variable stars in 
the instability strip region. These are due to either poor 
photometry due to blending in the cluster center or are 
line-of-sight field stars. 

3. VARIABLE STARS 

We used the T^-band time series, which had more phase 
points than the B-band one, to identify candidate vari- 
able stars usin g Peter Stetson's AUframe/Trial package 
(|Stetsonlll994D . Period searches on the candidat e vari- 
ables were carrie d out u sing Supersmoother (ReimannI 
Il994f) . period04 (iLenz fc Brcger 2005), and a discrete 
Fourier transform (|Ferraz-Mcllai 198 L ) as implemented in 
the Peranso software suit^. This produced light curves 
which were then examined by eye to confirm the real- 
ity of each variable star candidate. Light curves of po- 
tential RR Lyrae sta rs were then fit to template light 
curves (jLaydeiJ 119981 ) and checked by eye in order to 
confirm variable classification and period. Resulting pri- 
mary periods are typically good to ±0.00001 or 0.00002 
days while errors for the secondary periods of RRd stars 
are slightly worse but on the same order of magnitude. 
A similar search of the light curves produced with ISIS 
was done to find additional variables. 

A total of 62 variables were found, including 49 RR 
Lyraes, 1 additional candidate RR Lyrae, 2 long-period 
variables, a candidate anomalous Cepheid, and 9 vari- 
ables of unknown classification. We were able for the first 
time to identify double-mode (RRd) variables among the 
RR Lyrae population of NGC 1466. Of the confirmed RR 
Lyrae stars, 30 were RRab stars, 11 were RRc stars, and 

^ http://www.peranso.com/ 
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Figure 1. V,B — V CMD for NGC 1466 (full CMD on left) with the position of the RR Lyrae variables also indicated. Red plus symbols 
indicate RRab stars, dark blue filled triangles indicate RRc's, green circles indicate RRd's, and light blue squares indicate long-period 
variables. The potential Anomalous Cepheid is indicated by an open red triangle. A zoomed-in view of the CMD showing the HB is 
displayed on the right. Stars within the central 5 arcseconds of the cluster are not plotted due to photometric error from blending. 
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Figure 2. Sample light curves for the RRab stars in NGC 1466. (The full set of light curves can be found in the electronic version of this 
paper.) 



8 were RRd's. The RRd variable stars are discussed sep- 
arately in section 13.21 Figures [2]l5] show the light curves 
for the RRab , RRc, and the other variable stars. Ta- 
ble [T] lists the identified variable stars, except for the 
RRd stars, as well as their classification, period, V and 
B amplitudes, intensity- weighted V and B mean magni- 
tudes, and magnitude-weighted mean B — V color. The 
intensity- weighted mean magnitudes and the magnitude- 
weighted mean color were obtained through th e fitting 
of th e light curves with template light curves (jLavdenl 
|1998[) . (For the relation between these average quanti- 



ties and the color of the equivalent static star, the reader 
is referred to Bono et al. 1995.) Notes on some of the 
individual stars are in the following subsections. Tabled 
contains the photometric data for the variable stars. 

We u se a naming syste m that is an extension of the one 
used in iWesselinkI (|1971| ). Walker identified the variable 
stars found by Wesselink by their number in that paper, 
preceded by a "We". However, Walker did not use an 
extension of Wesselink's numbering scheme for the new 
variables that he discovered. Instead, he denoted the 
new variables by their number in his photometry Table 
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Figure 3. Sample light curves for the RRc stars in NGC 1466. (The full set of light curves can be found in the electronic version of this 
paper.) 
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Figure 4. Sample light curves for the RRd stars in NGC 1466. The right-hand panels for each star show the raw light curves, as plotted 
with the first overtone mode period (the first overtone amplitude is larger than the fundamental mode amplitude for all RRd stars in NGC 
1466), while the left-hand panels show the deconvolved light curves. (The full set of light curves can be found in the electronic version of 
this paper.) 



3. It is, however, convenient to have an identification sys- 
tem that refers only to the known variable stars in NGC 
1466. Therefore we have extended Wesselink's number- 
ing system, adding the additional variables that are not 
included in iWesselinS ()197lD to the end of Wesselink's 
orignal list of variables. All variables are named in the 
form of Vxx, with stars up through V42 being ones that 
were originally found by Wesselink. A cross identifica- 
tion of the original Walker numbers and our variable star 
numbers is included in Table [T] Figures |6] and [7] show the 



locations of all of the variable stars listed in the table. 

3.1. RR Lyrae Stars 

We found 41 of Walker's (1992) 42 RR Lyrae stars 
along with 6 new RRab stars, 1 new RRc, and 2 new 
RRd stars. Six of the previously identified RR Lyrae 
stars in NGC 1466 are reclassified as RRd stars. We did 
not find Walker's variable 145, which appears to be a 
blend of two stars in our images, neither of which dis- 
play variability. The additional RR Lyrae stars are all 
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Figure 5. Sample light curves for the non-RR Lyrae variable stars in NGC 1466. The top row shows light curves for our two long-period 
variables (V53 and V65). The other two rows show light curves for the variables of less certain classification, including our candidate 
anomalous Cepheid (V32). The light curves for V31 and V60 are from ISIS and thus are plotted in differential fluxes instead of magnitudes. 
(The full set of light curves can be found in the electronic version of this paper.) 



Table 1 

Photometric Parameters for Variables in NGC 1466, Excluding RRd Stars 



ID 


RA (J2000) 


DEC (J2000) 


Type 


P (days) 


Av 


Ab 


(V) 


{B) 


[B — V)mag 


Other IDs 


Max. Light (HJD) 


VI 


03:44:44.7 


-71:40:44.9 


RRab-BL 


0.55035 


0.64 


0.77 


19.380 


19.793 


0.421 


Wa415 


2454094.6963 


V4 


03:44:20.3 


-71:39:57.1 


RRab-BL 


0.57239 


0.87 


1.16 


19.406 


19.804 


0.425 


Wa67 


2454094.7100 


V5 


03:44:26.6 


-71:39:48.9 


RRab 


0.57863 


0.67 


0.82 


19.391 


19.781 


0.403 


Wal08 


2454510.5801 


V6 


03:44:30.8 


-71:39:54.8 


RRab-BL 


0.52805 


1.19 


1.49 


19.290 


19.672 


0.410 


Wal82 


2454502.2325 


V8 


03:44:26.3 


-71:40:06.5 


RRab-BL 


0.51970 


0.89 


1.2 


19.273 


19.599 


0.358 


Wal06 


2454094.7502 


V9 


03:44:26.7 


-71:40:17.2 


RRab 


0.52260 


1.24 


1.52 


19.414 


19.743 


0.362 


Wal09 


2454086.9323 


V12 


03:44:28.9 


-71:40:15.0 


RRab 














Wal46 




V13 


03:44:33.8 


-71:40:48.1 


RRc 


0.33936 


0.55 


0.69 


19.298 


19.564 


0.276 


Wa262 


2454094.5656 


V14 


03:44:36.2 


-71:40:48.7 


RRab-BL 


0.56414 


0.93 


1.29 


19.402 


19.803 


0.421 


Wa320 


2454501.3551 


V15 


03:44:35.4 


-71:40:44.2 


RRab 


0.56708 


0.81 


1.05 


19.209 


19.675 


0.487 


Wa303 


2454094.9557 


V16 


03:44:34.9 


-71:40:45.1 


RRab 


0.69427 


0.53 


0.69 


19.360 


19.817 


0.466 


Wa290 


2454092.6208 


V18 


03:44:26.7 


-71:40:14.5 


7 


0.48837 


0.15 


0.29 


18.903 


20.168 


1.268 


WallO 


2454510.7987 


V19 


03:44:47.1 


-71:40:39.8 


RRab 


0.61620 


0.61 


0.79 


19.360 


19.785 


0.435 


Wa426 


2454097.6522 


V20 


03:44:30.7 


-71:41:22.5 


RRab 


0.59084 


1.05 


1.33 


19.280 


19.648 


0.396 


Wal83 


2454094.6908 


V21 


03:44:51.9 


-71:39:53.4 


RRab 


0.52150 


1.22 


1.54 


19.315 


19.632 


0.359 


Wa448 


2454048.0181 


V22 


03:44:35.5 


-71:41:05.7 


RRc 


0.33081 


0.51 


0.65 


19.200 


19.543 


0.353 


WaSOl 


2454094.7036 


V23 


03:44:38.6 


-71:41:24.7 


RRab 


0.49342 


1.25 


1.51 


19.291 


19.681 


0.421 


Wa361 


2454094.4714 


V26 


03:44:34.2 


-71:40:51.4 


RRab 


0.51364 


1.03 


1.38 


19.339 


19.702 


0.400 


Wa274 


2454094.7460 


V28 


03:44:21.3 


-71:40:38.1 


RRc 


0.32039 


0.57 


0.7 


19.338 


19.652 


0.324 


Wa71 


2454094.7532 


V30 


03:44:31.3 


-71:39:52.0 


RRab 


0.69445 


0.66 


0.91 


19.273 


19.677 


0.421 


Wal94 


2454095.2544 


V31 


03:44:32.1 


-71:39:50.5 


7 


0.34272 














2454510.6763 


V32 


03:44:29.4 


-71:40:13.7 


AC? 


0.49661 


0.42 


0.70 


18.118 


18.614 


0.505 




2454094.7437 


V33 


03:44:29.0 


-71:40:43.9 


RRc 


0.27841 


0.51 


0.57 


19.355 


19.600 


0.247 


Wal48 


2454094.8536 


V34 


03:44:28.0 


-71:39:60.0 


7 


0.61594 


0.31 


0.45 


18.194 


18.896 


0.709 


Wal29 


2454040.9638 


V35 


03:44:29.7 


-71:40:42.5 


RRab-BL 


0.58172 


0.6 


0.78 


19.248 


19.668 


0.432 


Wal64 


2454094.6090 


V38 


03:44:49.0 


-71:40:48.7 


RRc 


0.34858 


0.44 


0.54 


19.354 


19.682 


0.335 


Wa437 


2454092.5444 


V39 


03:44:30.6 


-71:40:07.2 


RRab 


0.56248 


1.12 


1.37 


19.156 


19.538 


0.407 


Wal79 


2454510.8795 


V40 


03:44:31.0 


-71:40:01.1 


RRab 


0.53606 












Wal85 


2454092.8046 


V41 


03:44:39.4 


-71:40:21.3 


RR? 






0.59 




19.598 








V42 


03:44:30.4 


-71:41:00.6 


RRab 


0.63482 


0.51 


0.66 


19.384 


19.865 


0.489 


Wal77 


2454094.6637 


V44 


03:44:22.0 


-71:38:13.1 


RRab 














Wa75,S27 




V45 


03:44:23.1 


-71:41:16.0 


RRc 


0.31043 


0.38 


0.49 


19.233 


19.503 


0.275 


Wa82,S27 


2454094.4913 


V46 


03:44:27.4 


-71:39:14.0 


RRab 


0.68909 


0.38 


0.49 


19.352 


19.813 


0.466 


Wal21 


2454094.3662 


V48 


03:44:29.4 


-71:40:00.0 


RRc 


0.37697 


0.44 


0.54 


19.288 


19.580 


0.316 


Wal53,S3 


2454092.6531 


V49 


03:44:30.2 


-71:40:09.5 


RRab 


0.68635 


0.53 


0.7 


19.255 


19.773 


0.528 




2454510.2159 


V50 


03:44:31.1 


-71:40:28.7 


RRab-BL 


0.58194 


1.05 


1.24 


19.444 


19.778 


0.356 




2454092.5885 


V51 


03:44:31.6 


-71:40:12.7 


7 


0.35892 














2454410.5428 


V52 


03:44:31.6 


-71:40:34.6 


RRc 


















V53 


03:44:31.9 


-71:40:15.8 


LP 


















V54 


03:44:32.1 


-71:40:12.9 


7 


0.55608 














2454510.3605 


V55 


03:44:32.5 


-71:40:13.3 


RRab-BL 


0.60951 














2454510.6458 


V56 


03:44:33.4 


-71:40:01.8 


RRab 


0.62238 


0.73 


0.96 


19.189 


19.701 


0.527 




2454510.5354 


V57 


03:44:33.5 


-71:39:51.7 


RRc 


0.35692 


0.42 


0.5 


19.295 


19.685 


0.395 


Wa249,S29 


2454094.6595 


V58 


03:44:33.5 


-71:39:59.0 


RRab 


0.56752 


1.05 


1.28 


19.368 


19.905 


0.570 




2454510.4638 


V59 


03:44:33.7 


-71:40:20.2 


7 




0.46 


0.54 


18.194 


18.651 


0.460 




2454511.0736 


V60 


03:44:33.9 


-71:40:11.4 


AC?,RRab? 


0.52210 














2454510.1325 


V61 


03:44:33.9 


-71:40:01.7 


RRab-BL 


0.66927 


0.86 


1.13 


19.510 


19.985 


0.497 




2454510.6914 


V62 


03:44:35.5 


-71:40:35.8 


7 


0.50414 


0.71 


1.08 


18.758 


19.266 


0.531 




2454094.2817 


V63 


03:44:35.6 


-71:39:54.0 


RRab 


0.58760 


0.82 


0.99 


19.415 


19.890 


0.490 


Wa306,S31 


2454510.6730 


V64 


03:44:38.4 


-71:40:39.5 


RRab 


0.68767 


0.49 


0.59 


19.307 


19.809 


0.508 


Wa356,S30 


2454092.8083 


V65 


03:44:39.0 


-71:40:03.7 


LP 


















V66 


03:44:40.0 


-71:41:10.3 


RRc 


0.33633 


0.52 


0.67 


19.277 


19.608 


0.342 


Wa382,S17 


2454094.7809 


V67 


03:44:45.1 


-71:42:13.1 


7 


















V68 


03:44:56.5 


-71:38:54.3 


RRc 


0.34914 


0.47 


0.65 


19.410 


19.749 


0.348 


Wa458 


2454040.8262 



Note. — The RRab stars that potentially exhibit the Blazhko effect are indicated as 'RRab-BL', 
of the Blazhko effect in the RRab stars in NGC 1466. 



see section 3.1 for further discussion on the detection 
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Figure 6. Finding chart for tiie variable stars in the outer regions of NGC 1466. North is up and East is to the left. The white gap is 
due to the finding chart being made from a SOAR image and represents the 7.8 arcsec mounting gap between the two CCDs of the SOI 
camera. The locations of the variables in the inner portion of the cluster are shown in Fig. [T] 



Table 2 

Photometry of the Variable Stars 



ID Filter 



HJD 



Phase Mag Mag Error 



vol 


V 


2453980.8494 


0.13881 


19.252 


0.034 


vol 


V 


2453987.7614 


0.69800 


19.841 


0.105 


vol 


V 


2453991.7381 


0.92371 


19.199 


0.052 


vol 


V 


2453994.7980 


0.48359 


19.552 


0.035 


vol 


V 


2453996.7729 


0.07200 


19.350 


0.042 



Note. — Maximum light occurs at a phase of 0. This table with 
both the V and B-band photometry is published in its entirety in 
the electronic edition. The photometry for V31, V51, V54, V60, 
and V67 is presented in relative fluxes instead of magnitudes. 



located in the central region of the cluster, which was 
not searched by Walker due to crowding. The RRab 
stars have intensity weighted mean magnitudes of {V) = 
19.331 ± 0.02 and (B) = 19.751 ± 0.02, while the mean 
magnitudes for the RRc stars are (V) = 19.305±0.02 and 
{B) = 19.617 ± 0.02. Walker found (V) = 19.33 ± 0.02 
and {B) = 19.71 ± 0.02 for the RRab stars while the 
RRcs had (V) = 19.32 ± 0.02 and {B) = 19.62 ± 0.02, 
which are in good agreement with our results. 
In general our results agreed with those of Walker for 



the stars that appeared in both of our lists, with the 
exceptions noted below. 

Walker 110, V18, is listed as an unclassified variable 
for reasons that are stated in the next subsection. 

We were unable to determine periods for Walker's 
(1992) variables 75 (V44) and 146 (V12) due to not hav- 
ing enough data points for accurate period determina- 
tion. These two RRab stars were not detected in all im- 
ages, but the shape of the partial light curves are entirely 
consistent with their classification as RRab stars. 

V41 was classified only as a candidate RR Lyrae star 
due to aliasing issues which prevented us from de termin- 
ing a period or classification as RRab or RRc. iWalkeii 
([1992) was unable to measure this star due to its prox- 
imity to a brighter star. 

No significant di fference s betw een our periods and 
those calculated by IWalkeii (jl992f) were found. V33 was 
the only star that did not turn out to be a misclassi- 
fied RRd to display a difference in period greater than 
0.01 days. Walker found a period of 0.38250 days while 
we found a period of 0.27841 days. We ran a period 
search on Walker's light curve for this star and found 
that there is a secondary signal for a period around 0.27 
days, suggesting that this disagreement in periods is due 
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Figure 7. Finding chart for the variable stars in the inner portion of NGC 1466. North is up and East is to the left. 



to aliasing in Walker's light curve. The limited accuracy 
of the periods determined by both Walker and ourselves 
prevents the identification of any evolutionary RR Lyrae 
period changes. 

We did not obtain enough observations to definitively 
determine if any of the RR Lyrae stars have the Blazhko 
effect. However, based on the scatter in their light 
curves, VI, V4, V6, V8, V14, V35, and V50 are po- 
tential Blazhko stars. V55 and V61 also show scatter 
in their light curves that could be due to the Blazhko 
effect, but these two stars are located in the crowded re- 
gion near the cluster center so the scatter could also be 
due to contamination. 

V40 features a light curve that has a fair amount of 
scatter as well as a shape that is unusually symmetric 
for an RRab star. Despite its unusual shape, the light 
curve was best fit with a period of 0.536 days and thus 
is tentatively classified as an RRab. 

3.2. RRd Stars 

The increased number of observations (over Wesselink 
1971 and Walker 1992) allowed for the identification of 
eight RRd stars in NGC 1466. Table[3]hsts the identified 
RRd stars, their fundamental mode and first overtone 
periods and amplitudes, and their period ratios. Fits 
to the tw o periods were calcul ated using the period04 
program (|Lenz fc Bregeii [20051 ). The secondary periods 
are typically good to ±0.0001 or 0.0002 days while the 
primarly periods are typically slightly more accurate. 

Six of the RR Lyrae identified bv Walker. (|1992, ) turned 



out to be RRd stars. Five were originally identified as 
RRc stars and one as an RRab. V2, V3, V24, and V25 
all have first overtone periods that agree with the RRc 
period that was found by Walker. V7 was previously 
classified as an RRc with a period of 0.34925 days; how- 
ever, we obtained a first overtone period of 0.3615 days 
for it. Walker classified V29 as an RRab star with a 
period of 0.56030 days, which does not correspond with 
either the fundamental or first overtone period that we 
found. 

Of the two new RR d stars, VIO wa s thought to be 
a potential variable bv iWesselinkI ()1971[ ). iWalkcr ()1992[ ) 
did not classify this star as a variable due to its proximity 
to a blue HB star, which made photometry difficult. 

Figure [8] shows the ratio of the first overtone period 
(Pi) to the fundamental mode period (Pi) vs fundamen- 
tal period (Petersen diagram) for the R Rd stars in NGC 
1466 ; the RRd stars in the LMC field (jSoszvnski et al.l 
[200l are also plotted. The NGC 1466 RRd stars fah 
in the same area of the Petersen diagram as the major- 
ity of the LMC field stars. This is the same region where 
RRd stars in Milky Way Oosterhoff -I clusters tend to fall 
(s ee, e.g.. Fig. 1 in Popiclski_eLalJ (|2OOO0 . and Fig. 13 
in lClementini et all (.2004 )). 

3.3. Other Variables 

Two long-period variables, V53 and V65, were found 
in our study of NGC 1466. We were unable to determine 
periods for either of these stars; in fact, we do not have 
enough light curve information to say for sure that their 



ID 



Table 3 

Photometric Parameters for the RRd Variables in NGC 1466 



RA 



DEC 



Type Po (days) Pi (days) Pi/Pq Ay 



{V) {B) {B - V)r. 



V2 


03:44:27.4 


-71:40:59.7 


RRd 


0.4751 


0.3534 


0.7451 


0.12 


0.42 


0.15 


0.53 


19.375 


19.758 


0.389 


Wal24 


V3 


03:44:20.2 


-71:40:00.2 


RRd 


0.4717 


0.3505 


0.7431 


0.13 


0.41 


0.15 


0.53 


19.368 


19.779 


0.416 


Wa66 


V7 


03:44:28.4 


-71:39:13.3 


RRd 


0.4859 


0.3615 


0.7440 


0.35 


0.43 


0.42 


0.52 


19.326 


19.642 


0.310 


Wal35 


VIO 


03:44:27.4 


-71:40:19.0 


RRd 


0.4730 


0.3518 


0.7437 


0.26 


0.48 


0.30 


0.52 


19.425 


19.797 


0.370 




V24 


03:44:19.9 


-71:41:25.5 


RRd 


0.4938 


0.3675 


0.7442 


0.12 


0.43 


0.15 


0.60 


19.292 


19.642 


0.357 


Wa65 


V25 


03:44:36.4 


-71:39:53.9 


RRd 


0.4715 


0.3508 


0.7440 


0.20 


0.44 


0.40 


0.65 


19.360 


19.705 


0.350 


Wa323 


V29 


03:44:15.5 


-71:40:11.9 


RRd 


0.4824 


0.3589 


0.7440 


0.45 


0.58 


0.36 


0.38 


19.428 


19.750 


0.320 


Wa53 


V47 


03:44:28.9 


-71:40:27.8 


RRd 


0.4733 


0.3519 


0.7435 


0.42 


0.58 


0.48 


0.60 


19.410 


19.760 


0.350 
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0.748 



0.746 



0.74 



LMC Field 
NGC 1466 



^M^^t^'V. 




0.42 0.44 0.46 
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Figure 8. Petersen diagram showing the ratio of the first over- 
tone period to the fundamental mode period vs. fundamental mode 
period for the RRd stars in the cluster (blue triangles). Also plot- 
ted are the RRd stars in the LMC field (red plus symbols) from 
ISoszynski et al.l I I2003I) . 

variability is periodic. Both stars are located near the 
tip of the giant branch on the CMD, as can be seen in 
Figure [I] and have several possible periods in the range 
of 60 to 90 days. 

V32 appears to be a potential anomalous Cepheid 
(AC), having an average V luminosity that is approxi- 
mately 1.2 magnitudes brighter in V than the RR Lyrae 
stars. The star has a potential period of either 0.331 
days or 0.497 days. The 0.497 day period would be con- 
sistent with the pe riod-luminosity diagram for AGs from 
Pritzl ct al. (2005). Based on Equations 2 through 5 in 
Pi-itzl ct al. (2002) and the distance modulus that we 
derive for NGC 1466, V32 would most likely be a first 
overtone pulsator. If the 0.331 day period is correct, 
the star would be too bright to be an AG, based on the 
period-luminosity diagram, and would most likely be a 
foreground RR Lyrae. The shape of V32's light curve 
is similar to an RRab star, which would be inconsistent 
with a 0.331 day period. Based on this we feel that the 
0.497 day period is correct and that this star is either an 
AG or, less likely, a foreground RRab. 

Nine variables of unknown classification were found. 
4 of these stars were only found by ISIS as they were 
either located in the crowded cluster center (V31, V51, 
and V54) or near the bright star in the southeast corner 
of the images (V67). Thus their light curves are in differ- 
ential fluxes, which does not allow us to obtain positive 
classifications for them. While periods and light curve 
shape can be used to determine potential classifications. 
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B Amplitude 

Figure 9. V vs P amplitudes for the RRab stars (plus symbols) 
and RRc stars (crosses). Also plotted are two of our variables of 
unknown classification (labeled squares) for purposes of determin- 
ing if they are RR Lyrae stars that are affected by blending. V59 
follows the trend of the RR Lyrae stars, suggesting that it is not 
blended, while V62 departs from this trend, supporting the expla- 
nation that it is blended (see discussion in section 3.3). The plotted 
line s hows the relat ionship between V and B amplitudes for NGC 
2257 lINemec et al. 2009), an Oo-int globular cluster in the LMC. 
The agreement between this line and the RR Lyrae stars in NGC 
1466 suggests a similarity between Oo-int globular clusters. 

without having a magnitude we cannot distinguish be- 
tween a cluster RR Lyrae, a foreground RR Lyrae, or an 
AG, for example. Notes on the other stars with unknown 
classification follow. 

- V18 (Walker 110) is slightly brighter than the hori- 
zontal branch but is very red, B — V = \.TJ . It has a 
period o f 0.48 days and an amplitude of 0.15 mag in V . 
iWalkeii ()1992D noted that in his images this star had an 
elongated shape that suggested a likely unresolved com- 
panion. Our image s also show thi s star to be elongated. 
The HST images of lJohnson et al.l (J1999D were checked in 
order to investigate the possibility of a close companion, 
however VIS did not fall within the HST field. 

- V34 (Walker 129) is about one magnitude brighter 
than the RR L yrae level and has a B — V — 0.70. 



Wesselink (1971) had labeled this star as a variable but 
Walker (1992) considered it a constant RHB star. The 



period, 0.61594 days, and light curve shape of this star 
suggest that it could be an RRab star whose color and 
brightness are affected by contamination. 

- Star V59 is located in the cluster center and has an 
ISIS light curve that suggests several possible periods. Its 
Daophot light curves suggest that it has a similar color to 
the RR Lyrae stars but is about one magnitude brighter; 
this is possibly du e to contamination. Our images and 
the HST images of lJohnson et al.l (|1999( ) confirm the ex- 
istence of neighbor stars that could be effecting the pho- 
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tometry of V59 through blending. However, V59 displays 
a, B to V amplitude ratio that is similar to the other RR 
Lyraes in the cluster (Fig. ^. V59 could also potentially 
be an AC or a Type II Cepheid. 

- V60 is located in the crowded cluster center and has 
a clean ISIS light curve that suggests a period of 0.522 
days. Its light curve from Daophot suggests a luminos- 
ity approximately two magnitudes brighter than the RR 
Lyrae stars but the light curve is messy, possibly due to 
blending. 

- Star V62 is located in the cluster center and has a 
light curve that suggests that it is a variable with a period 
near 0.5 days. The period and the light curve shape 
suggest that V62 is possibly an RR Lyrae but the light 
curve is messy and it is brighter than the other RR Lyrae 
stars, likely due to contamination by nearby stars. The 
contamination explanation is supported by the fact that 
V62 has a B amplitude that is slightly too large large 
for its V amplitude, compared to the RR Lyrae stars in 
NGC 1466. The HST images of iJohnson eFall (Il999l ) 
confirm a close neighbor for V62 which does not appear 
as a separate star on our images. 

4. FOURIER DECOMPOSITION 

The RRab light curves were fit with a Fourier series of 
the form 



m 



(t) =Ao + J2 Aj MJ^t + 0j ) , ( 1 ) 



where m{t) is the magnitude as a function of time and 
(jj = 27r/P, where P is the pulsation period. The RRc 
light curves were fit in a similar fashion but a cosine 
series was used instead of the sine series. Fourier decom- 
position was not carried out on the RRd stars as after 
we deconvolved their light curves there were not enough 
data points for accurate Fourier analysis. The Fourier 
fitting was done using a Fourier fitting code originally 
written by Geza Kovacs with an analysis wrapper writ- 
ten by Nathan De Lee. Error analysis for the fits was 
done based on iPetersonI (|1986[ ) . A number of fits were 
performed for each light curve, with a varying number 
of terms, and the resulting fits were plotted and then 
checked by eye to determine if it was a successful fit. 
Not all light curves were fit successfully, and the optimum 
number of terms to fit each individual light curve varied. 
13 RRab and 7 RRc light curves were successfully fit. Ta- 
bles |4] and [5] give the amplitude ratios, Aji — Aj/Ai, and 
phase differences, (f>ji — (f>j —j4>i, for the low-order terms 
(j = 2,3,4), and the number terms used in the Fourier 
fit, for the RRab and RRc stars, respectively. For the 
RRab stars, we also list the Jurcsik-Kovacs Dm value 
(jJurcsik fc Kovacslll996[ ). This value helps to separate 
RRab stars with "regular" light curves from those with 
"anomalous" light curves, with lower Dm values repre- 
senting more "regular" light curves. 

4.1. RRab Variables 

iJurcsik fc Kovacsl (|1996[ ). iJurcsikl (1998), and Kovacs 
& Walker (1999, 2001) provide formulae, determined em- 
pirically, for calculating the metallicity, absolute magni- 
tude, and effective temperature of RRab stars using the 
Fourier coefficients from their V light curves. [Fe/H], 



Afy, V — K, and logT^g ~ ' are determined using the fol- 
lowing equ ations, which co me from equations (1),(2),(5), 
and (11) in iJurcsifl ()1998[ ). respectively: 

[Fe/H] = -5.038 - 5.394 P -h 1.345 03i, (2) 

Mv = 1. 221 - 1.396 P- 0.477^1-1-0. 103 031, (3) 

{V - K)a = 1.585 + 1.257P - 0.273 Ai 

-0.234 031-1-0.062 041, (4) 
and 

logTJg "-^^ = 3.9291 - 0.1112 {V - K)a - 0.0032 [Fe/H]. 

(5) 
The values for [Fc/H] derived through this method are in 
the scale of IJur csik (19 95|), which can be transformed to 
the more common I Zinn fc West! ()1984| ) scale by the rela- 
tion [Fe/H]j95 = 1.431[Fe/H]zw84 + 0.880 (|Jurcsik 1995) . 
The dereddened B — V and V — I color indices were calcu- 
lated using equations (6) and (9) from lKovacs fc Walkeii 
(I2OOI : 

{B-~V)o = 0.189 logP-0.313 Ai + 0.293 A3 + O.46O (6) 

and 

iV-I)o = 0.253 logP-0.388Ai-l-0.364A3-t-0.648. (7) 

These color indices are also used to calculate ef- 
fective temperatures vi a equations (11) and (12) in 
IKovacs fc Walkeii (I200I . 



logT^g"^' = 3.8840 - 0.3219 (P - T/)o 



+ 0.0167 log(.g) + 0.0070 [M/H] (8) 



and 



logTJg ^^ = 3.9020 - 0.2451 {V - /)o 

+ 0.0099 log{g) - 0.0012 [M/H] , (9) 

where q is o btained from equation (12) in 
IKovacs fcWaito1(IT999) . 

log(g) = 2.9383 + 0.2297 log(A///Mo) 

- 0.1098 logTeff - 1.2185 logP, (10) 

assuming a mass of M = 0.7 M©. The resulting physical 
properties for the RRab stars are given in Table [H 

The mean metallicity of the RRab stars is [Fe/H] J95 — 
-1.40 ± 0.09 which in the Zinn & West scale is 
[Fe/H]zw84 = —1.59 ±0.06. Previously published metal- 
licities for NGC 1466 showed a wide range of values. 
lOlszewski et al.l (|199lD reported a metallicity of [Fe/H] = 
—2.17 based on spectroscopic observations of the cal- 
cium triplet in two giant stars in the cluster whose in- 
dividual metallicities were [Fe/H] = —1.85 and —2.48. 
iWalkeii ()1992|) argued that the more metal-poor of these 
two stars was not a cluster member based on photo- 
metric results. Walker instead reported that the cluster 
metallicity was [Fe/H] = —1.85, based on the remain- 
ing star from Olszewski et al. and comparisons of the 
RR Lyra e stars and the c luster CMD to that of other 
clusters. iWolf et all ()2007[ ) used stellar popular synthe- 
sis models to find metallicities of [Fe/H] = —1.30 and 
—2.00, depending on whether they used the full spec- 
trum or just the CN spectrum. A more metal poor result 
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Table 4 

Fourier Coefficients for RRab Variables 



ID 


Ai 


A21 


A31 


A41 


4>21 


'Psi 


<A41 


J-^max 


Order 


V4 


0.346 


0.498 


0.301 


0.155 


2.16 


4.77±0.18 


1.12 


30.46 


8 


V5 


0.243 


0.380 


0.361 


0.206 


2.31 


5.12±0.21 


1.69 


49.89 


8 


V6 


0.422 


0.322 


0.303 


0.174 


2.68 


5.30±0.27 


1.83 


9.62 


6 


V8 


0.349 


0.402 


0.324 


0.194 


2.47 


5.02±0.37 


1.39 


40.96 


7 


V9 


0.463 


0.416 


0.244 


0.099 


2.30 


4.52±0.17 


1.10 


7.63 


7 


V14 


0.355 


0.440 


0.351 


0.205 


2.25 


4.84±0.14 


1.34 


14.33 


9 


V19 


0.252 


0.432 


0.177 


0.117 


1.94 


4.93±0.37 


1.17 


6.53 


7 


V20 


0.363 


0.502 


0.356 


0.271 


2.26 


4.99±0.09 


1.26 


45.97 


6 


V23 


0.424 


0.456 


0.361 


0.237 


2.25 


4.66±0.08 


1.04 


47.39 


10 


V26 


0.367 


0.369 


0.249 


0.139 


2.26 


4.80±0.19 


0.78 


34.99 


7 


V30 


0.232 


0.457 


0.305 


0.153 


2.36 


5.22±0.34 


1.93 


23.20 


10 


V42 


0.204 


0.411 


0.251 


0.098 


2.46 


5.51±0.16 


2.20 


10.83 


10 


V56 


0.276 


0.400 


0.282 


0.135 


2.50 


5.38±0.12 


1.67 


5.31 


8 



ID 



Table 5 

Fourier Coefficients for RRc Variables 



A, 



A31 



<t>21 



031 



p4,i Order 



V22 
V28 
V33 
V38 
V45 
V57 
V66 



0.272 
0.276 
0.246 
0.228 
0.199 
0.222 
0.259 



0.179 
0.252 
0.255 
0.114 
0.090 
0.139 
0.181 



0.085 
0.103 
0.039 
0.064 
0.042 
0.080 
0.090 



0.067 
0.126 
0.011 
0.028 
0.055 
0.045 
0.033 



4.67 
4.73 
4.38 
4.58 
4.41 
4.71 
4.30 



2.55±0.30 
3.15±0.37 
2.72±0.75 
4.16±0.57 
2.71±0.79 
3.97±0.60 
3.93±0.54 



0.89 
1.55 
4.95 
1.74 
1.53 
2.01 
3.24 



of [Fe /H] — —2.25 was adopted by 'Mackev fc Gilmor^ 
(|2003f ) for their work with cluster surface brightness pro- 
files. A far more metal-rich value of [Fe/H] — —1.64 
was found bv lSantos fc Piattl (|2004[ ) using the equivalent 
widths of metal lines in integrated spectra. Our value of 
[Fe/H] = —1.59 is most consistent with the Santos & 
Piatti result. 

4.2. RRc Variables 

ISimon fc Clemeiitl (|1993D demonstrated that the 
Fourier parameters of the T^-band light curves of RRc 
stars could be used to calculate various physical prop- 
erties for these stars. Unlike the empirically determined 
relationships between physical properties and Fourier pa- 
rameters for RRab stars, the relationships for RRc stars 
were determined using light curves that were created 
with hydrodynamic pulsation models. The mass, lumi- 
nosity, temperature, and helium parameter of RRc stars 
can be calculated using the equations: 

logTeff = 3.265 - 0.3026 logP 

- 0.1777 logA/-h 0.2402 log L, (11) 

log J/ = -20.26 + 4.935 logTe// 

- 0.2638 log M + 0.3318 log L, (12) 

log Af = 0.52 log P - 0.11 031 + 0.39, (13) 

and 

logi = 1.04 logP - 0.058 031 -I- 2.41, (14) 

which are equ at ions (2), (3), (6), and (7) in 
ISimon fc Clement (|1993D . respectively. It should 
be noted that the helium abundance parameter, y, is 



not equal to the helium abundance, Y. Equation (10) in 
Eovacs (1998), 

Mv = 1.261- 0.961 P- 0.044 021 -4.447^4, (15) 

allows us to calculate the absolute m agnitude for 
the R Rc stars. The metallicity in the iZinn fc WestI 
(I1984D scale can be calculated usin g equation (3) from 
[Morgan. Wahl. fc Wieckhorsti (|2007[ ): 



[Fe/H]zw84 = 52.466 P2 
-1-0.982 



30.075 P-F 0.131^ 



^31 



'31-4.198 031^ + 2.424. (16) 

It should be noted that while these equations are com- 
monly used in the literature, the equations for mass, lu- 
minosity and te r nperature violate th e pulsation equation 
(|Catelan|[2004bt IDeb fc Singb|[20Tol) . While the values 
calculated for these properties cannot all be physically 
correct, they can be used for the purpose of making com- 
parisons with the physical properties calculated the same 
way for RRc stars in other clusters. The calculated phys- 
ical properties for the RRc stars are given in Table [71 

It has been not ed in the literature that R Rc masses cal- 
culated using the lSimon fc Clementi ()1993[ ) equations can 
at time be too small, ~ O.5Af0, approachin g the mass of a 
degen erate helium core at the helium flash (jCorwin et all 
120031) . Table [7] shows that this occurs for three of our 
stars. This is likely due to a problem with the equa- 
tions used but still produces values that are suitable for 
comparison purposes. 

The mean metallicity of the RRc stars is [Fe/H]zvv84 = 
— 1.61 ± 0.08, which is in good agreement with the value 
obtained for the RRab stars. 

5. DISTANCE MODULUS 
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Table 6 

Derived Physical Properties for RRab Variables 



ID 


[Fe/H]j95 


{Mv) 


(V-K) 


logTJ---) 


(B-V) 


logTJ---^ 


(V-I) 


logTJ--^ 


V4 


-1.717 


0.748 


1.164 


3.805 


0.336 


3.810 


0.490 


3.811 


V5 


-1.278 


0.824 


1.153 


3.805 


0.365 


3.804 


0.526 


3.802 


V6 


-0.764 


0.828 


1.008 


3.819 


0.313 


3.825 


0.461 


3.818 


V8 


-1.085 


0.846 


1.054 


3.815 


0.330 


3.817 


0.482 


3.813 


V9 


-1.774 


0.736 


1.125 


3.810 


0.295 


3.824 


0.438 


3.825 


V14 


-1.577 


0.762 


1.149 


3.806 


0.338 


3.811 


0.493 


3.811 


V19 


-1.725 


0.749 


1.209 


3.800 


0.354 


3.804 


0.513 


3.805 


V20 


-1.511 


0.737 


1.139 


3.807 


0.341 


3.810 


0.496 


3.810 


V23 


-1.434 


0.810 


1.064 


3.815 


0.314 


3.821 


0.462 


3.819 


V26 


-1.359 


0.823 


1.057 


3.816 


0.317 


3.820 


0.466 


3.818 


V30 


-1.759 


0.679 


1.292 


3.791 


0.378 


3.795 


0.544 


3.797 


V42 


-1.056 


0.805 


1.175 


3.802 


0.374 


3.802 


0.538 


3.799 


V56 


-1.155 


0.775 


1.136 


3.806 


0.357 


3.807 


0.517 


3.804 


Mean 


-1.400±0.088 


0.779±0.013 


1.133±0.021 


3.808±0.002 


0.339±0.007 


3.812±0.003 


0.494±0.009 


3.810±0.002 



Table 7 

Derived Physical Properties for RRc Variables 



ID [Fe/H]zw84 



{Mv) 



M/Mq 



log(L/LQ) 



logTefl 



Y 



V22 


-1.970 


0.657 


0.724 


1.762 


3.859 


0.254 


V28 


-1.669 


0.591 


0.611 


1.713 


3.864 


0.272 


V33 


-1.420 


0.788 


0.633 


1.675 


3.871 


0.281 


V38 


-1.419 


0.696 


0.495 


1.693 


3.864 


0.284 


V45 


-1.764 


0.720 


0.672 


1.724 


3.864 


0.266 


V57 


-1.614 


0.666 


0.526 


1.715 


3.862 


0.276 


V66 


-1.425 


0.711 


0.515 


1.690 


3.865 


0.283 



Tffi 



-1.612±0.079 0.690±0.023 0.597±0.033 1.710±0.011 3.86±0.001 0.274±0.004 



From the Fourier fits we obtain a mean V absolute 
magnitude of (My) = 0.690±0.023 for the RRc stars and 
{Mv) = 0.779±0.013 for the RRab stars. The zero points 
used for these cahbrations are different and there is some 
debate as to which one, if either, is correct. Instead we 
use the caUbration of the absol ute magnitude-metahicit y 
relation for RR Lyrae stars by lCatelan fc Cortisl (|2008l ). 
The average of our Fourier derived metallicities for the 
RRab and RRc stars is [Fe/H]zw84 = — 1.60±0.05, which 
gives us an absolute magnitude of My — 0.62±0.14. The 
average apparent magnitude of the RRab and RRc stars 
are (V) = 19.331 ± 0.02 and (V) = 19.305 ± 0.02, re- 
spectively. Since the average magnitude for the RRab 
and RRc stars are essentially the same, we combine 
them for the purpose of calculating the distance, result- 
ing in an average magnitude oi V = 19.324 ± 0.013. 
Usin g the reddenin g value of E{B - V) = 0.09 ± 0.02 
from I Walkeil (|1992f ) and a standard extinction law with 
Av/E{B — V) = 3.1, we obtain a reddening-corrected 
distance modulus of (m - M)o = 18.43 ± 0.15. This 
distance modulus is approximately equal to the dis- 
tance modulus of (m — M)lmc = 18.44 ± 0.11 that 
iCatelan fc Cortii (|200l derived for the LMC. 

6. OOSTERHOFF CLASSIFICATION 

The average periods for the RR Lyrae stars in 
NGC 1466 are {Pah) = 0.591 days and (P^) = 0.335 days. 
We found 30 RRab, 11 RRc, and 8 RRd stars, giving the 
cluster a Nc+d/Nc+d+ab = 0.39. All three of these values 
are consistent with an Oosterhoff-intermediate (Oo-int) 
classification for NGC 1466. The minimum period for 
RRab stars has also been shown to be a good indicator 



of Oosterhoff class. NGC 1466 has a minimum period for 
RRab stars of Pab.min — 0.4934 days, which is consistent 
with it being an Oo-int object (Catelan et al. 2011, in 
preparation). 

Another indicator of Oosterhoff status is the position 
of the RR Lyrae stars in the Bailey period-amplitude 
diagram. Figure \W\ shows the diagrams for NGC 1466 
using both the V and _B-band amplitudes. The typical 
location of the RRab and RRc stars in Oosterhoff I (Oo- 
I) and II (Oo-II) clusters are indica ted by solid red lines 
and dashed green line s, respectively (jCacciari et al.ll2005l : 
iZorotovic et al.ir2010D . In both diagrams the RRab stars 
display a wide scatter. Many are located between the Oo- 
I and O-II loci, which is consistent with an Oo-int object. 
However, there is a significant number of RRab stars that 
are clustered around the Oo-I line, which is more typical 
for an Oo-I object. The RRc stars fall almost exclusively 
between the reference lines, as is expected for an Oo-int 
object. 

We found an HB type of (B - R)/{B + V + R) = 
0.38 ± 0.05 for NGC 1466. This was determined using 
the stars in an annulus with an inner radius of 10 arc- 
sec and an outer radius of 75 arcsec; this represented a 
region for which we felt our sample of the HB stars was 
complete. This HB type, combined with the metallic- 
ity of [Fe/H] « —1.60 that we obtained from the RR 
Lyrae stars, places the cluster outside of the "forbid- 
den region" where Oo-int objects tend to fall in the HB 
type-metallicity diagram (Fig. 7 in Catelan 2009). If 
on e used a lower me t allicity similar to what was favored 
bv lWalkeil (IT99I ) or l01szewski"eraII (fT99ll) . NGC 1466 
would be located much closer to the forbidden region. 
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Figure 10. Bailey diagram, log period vs V-band amplitude 
(top panel), for the RR Lyrae stars in NGC 1466. Solid red 
lines and dashed green lines indicate the typical position for RR 
Lyrae stars i n Oosterhoff I and Oosterhoff II clusters, respectively 
dUacciari et a l. 2005; Zorotovic et al. 2010). RRab stars for which 
we obtained a value of Dm < 25 are indicated with filled circles, 
those with a Dm > 25 are indicated with open circles, and the 
RRab stars for which we were unable to obtain a good Fourier fit 
are indicated by crosses. The bottom panel is the same as the top 
panel but using the B-band amplitudes. 
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Figure 11. Distribution of raw periods (left) and fundamentalized 
periods (right) of the RR Lyrae stars found in NGC 1466. The 
empty boxes in the left panel show the distribution for the RRab 
and RRc stars while the shaded boxes represent the RRd stars; 
both the fundamental and first overtone periods are plotted for 
the RRd stars. All of the RR Lyrae stars are included in the right 
panel with the variable stars that are included in each bin labeled. 

A lower metallicity woul d also be co nsistent with the 
theoretical predictions by iBono et al.l (|199 4) for Oo-int 
behavior, whereas the higher metallicity would indicate 
an HB morphology that is too red with respect to the 
predictions of the models (see Fig. 8 in Catelan 2009). 

Figure [TT] shows the distribution of both the raw and 
the fundamentalized periods for the RR Lyrae stars in 



NGC 1466. A sharply peaked fundamentalized period 
di stribution is not p resent, in contrast to what was found 
in iCatelanI (|2004aD in a number of Ool and Ooll clus- 
ters. The distribution of the raw periods for the RRab 
stars displays two peaks, a broad one around 0.55 days 
and a sharper peak at 0.70 da ys. This is similar to the 
distribution seen in NGC 1835 ' ()Soszvnski et al.ll2003[ ) al- 
though the shorter period peak for NGC 1466 is broader 
and its longer period peak occurs at a slightly longer pe- 
riod. Soszyhski suggested that this two-peaked distribu- 
tion may be an indicator of a sum of Oo-I and Oo-II char- 
acteristics, but our Bailey diagram shows no evidence of 
an Oo-II population. 

Tables 7 and 8 in iContreras et al.l (|2010D show the 
mean physical parameters for RRc and RRab stars, re- 
spectively, in a selection of previously studied globular 
clusters. The parameters that wc calculated for NGC 
1466 fall between those for Oo-I and Oo-II clusters, con- 
sistent with NGC 1466 having an Oo-int classification. 
A more thorough comparison of the physical parameters 
for the RR Lyrae stars in NGC 1466 and the other glob- 
ular clusters in our study will be the subject of a future 
paper in this series. 

7. CONCLUSION 

A photometric study of the LMC globular cluster NGC 
1466 was conducted in order to locate variable stars, with 
a specific interest in the cluster's RR Lyrae population. 
49 RR Lyrae stars and 1 candidate RR Lyrae were found. 
W e discovered 9 RR Lyrae stars which were not found 
bv IWalkeil (jl992f ). previously the most extensive search 
for RR Lyrae in NGC 1466. Of our 49 RR Lyrae stars, 
8 are RRd stars, making this the first time double-mode 
RR Lyrae stars were found in this cluster. 

A candidate anomalous Cephcid variable was found in 
NGC 1466. AGs are rare in globular clusters, having pre- 
viously been found only i n NGC 1786, NGC 5 466, and uj 
Gen (Nemec et al. 1994: iGlement et al.ll200l . Interest- 
ingly, these three systems are Ooll, though this of course 
may be just a coincidence, particularly since it is believed 
that AGs in globular clusters should be the progeny of 
blue straggler stars (e.g., Sills et al. 2009 and references 
therein), which in principle should not be related to the 
Oosterhoff dichotomy. 

We performed Fourier analysis on the RR Lyrae light 
curves and used the resulting Fourier parameters to cal- 
culate physical properties for the stars which will be 
compared to the properties of RR Lyrae stars in other 
clusters in a future paper in this series. We obtained 
a reddening-corrected distance modulus of (to — M)o = 
18.43 ± 0.17 from the RRab and RRc stars. 

The average periods for the RRab and RRc stars and 
the ratio of number of RRc to total number of RR Lyrae 
all suggest an Oosterhoff-intermediate classification for 
NGC 1466. The position of the RRab stars in the Bailey 
diagram provides for a less clear Oosterhoff determina- 
tion. 
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